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Measures for Predicting Calculus Achievement 
By ORLANDO c. KREIDER 
Once a student has entered college algebra and indicated a cur-
riculum that requires calculus, educators are concerned about both 
his probable academic mortality prior to calculus and his probable 
scholastic achievement if he perseveres through calculus. It is the 
purpose of this paper to discuss first, measures to predict mortality 
prior to calculus, and second, measures to predict scholastic achieve-
ment in first-quarter calculus. 
The 789 male students chosen for the study of mortality received 
grades in algebra during the 1946 fall quarter and were enrolled 
in curriculums that required calculus at the Iowa State College. 
The same textbook, course of study, and uniform tests were used 
in each class. The three precollege measures recorded for each stu-
dent were: high school averages, ACE and mathematics placement 
test scores. The three college measures taken at the end of the first 
quarter were : algebra achievement test scores, algebra marks given 
by instructors and the all-college grade point averages. 
By the spring quarter 1948, 552 of the 789 students had finished 
first-quarter calculus. Those continuing through first-quarter cal-
culus and those not doing so differed markedly on the six measures 
of scholarship chosen for use in the study of mortality as shown in 
Table 1. Mortality was defined as failure to complete first-quarter 
calculus by the end of the spring quarter 1948. 
Biserial r was computed for each of the six scholarship variables, 
and in each case the critical division point was identified. This 
point is defined as the point in the range of the variable at which 
Table I 
Mean Scores by Mortality Groups of Students Choosing Curriculums 
Requiring Calculus 
Variable 
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the chance of mortality is 50-50. Both of the foregoing have been 
computed making the necessary assumption that mortality tendency 
is a characteristic which is normally distributed and has been divided 
into dichotomous categories. The assumption, furthermore, is made 
that the relationship between the mortality tendency and each of 
the variables is a linear rather than a curvilinear function. 
Table 2 
Biserial for Variables and Mortality 
Critical Multiple 
Variable Biserial r Point Biserial R 
High School Average 0.3984 2.45 } ACE Score 0.3691 106.16 0.6638 Math. Placement 0.3363 27.32 
Algebra Achievement 0.4898 19.38 } Algebra Mark 0.6517 1.79 0.7011 AJl-CoJlege Average 0.6945 1.89 
Biserial r given in Table 2 was computed from the formula 
where XA and XB are the means of the variables X in the dichoto-
mous categories, a0 is the standard deviation in the combined cate-
gories, p and q are the proportions of cases in the tv,·o categories, and 
z is the height of the ordinate in a normal curve of unit area divid-
ing the area in proportions, p and q. 
Since forecasting can generally be improved by using more varia-
bles, a technique was needed to evaluate the degree to which fore-
casting could be done from two or more variables. For this purpose 
a discriminant function was used. The linear equation 
V=aX1 + bX2 + cX3 
yields a V value for any given student. The values a, b and c must 
be chosen to maximize the ratio of the difference between the spe-
cific means to the standard deviations within classes. 
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The left-hand members of the foregoing equations are the differ-
ences in the means of the variables in the dichotomous categories ; 
and the x's in the right-hand members are the deviations of the 
variables away from the mean of the category in which the variate 
appears, generally called, within values. 
If the values of V were to be computed for each of the students 
in the study, a biserial r could be found between V scores and 
mortality. This biserial r in reality is a multiple biserial r, which 
is here designated as R. 
Fortunately VA - VB and cr0 can be evaluated· from the summarized 
<lata, so it is unnecessary to actually compute a V score for each 
student. 
The multiple biserial R's are recorded in Table 2. With the 
college variables giving a biserial R of 0.7011, it is apparent that 
the combinations of these variables predict but little better than the 
all-college quality point average where biserial r was found to be 
0.6945. 
The 552 male students who finished their calculus were chosen 
for the study of predicting calculus achievement. The criterion 
chosen for calculus achievement was the course mark assigned at 
the end of the first quarter. The variables used for prediction 
were: X 1 = high school average, X 2 = ACE score, X 3 = mathe-
matics placement score, X 4 = college algebra achievement score, 
X 5 = college algebra mark and X 6 = all-college average. Each of 
the foregoing variables to some extent predicts calculus achievement 
represented by the variable y. The coefficients of correlation be-
tween all of the variables are shown in Table 3. 
Table 3 
Correlations and Intercorrelations of Calculus Achievement and 
Predictive Variables 
x" x" x, x5 xs 
0.4978 0.3788 0.5895 0.3107 0.3829 
0.4855 0.4397 0.3890 0.5116 
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The second endeavor to predict included the use of all six vari-
ables in a multiple regression. Thus an equation was desired in 
this form 
Yv=aX1 + bX2 + cX3 + dX4 + eX5 + fX6 + g 
where Y P is the predicted calculus grade. The prediction by which 
the residuals are minimized can be stated mathematically 
~[y - (aX1 + bJ"e + cXa + <1X{ + e)[!; + t'Xs + g>J2 = 
a minimum. 
By the least squares method, this reduction to a minimum can be 
had by differentiating the foregoing expression partially with re-
spect to a, b, c, d, e, f and g and setting the first derivative equal to 
zero in each case. The 7 normal equations thus obtained were 
solved for a, b, c, d, e, f, and g after the necessary sums, sums of 
squares and sums of products for the 552 students were substituted. 
The resulting regression equation was 
Yp = 0.4786X1 - 0.0084X2 + 0.0151X3 - 0.0070X4 
+ 0.4065X5 + 0.2349X6 - 0.1972. 
In a similar manner a regression equation using only the three pre-
college variables was 
Yp = 0.5195X1 - 0.0029X2 + 0.0295X3 + 0.0367 
and another using only the three college variables was 
Yp = 0.0274X4 + 0.2697X5 + 0.3096X6 -0.0054 
The regression coefficients cannot be directly compared to eval-
uate the relative effectiveness of each variable since the variance 
of the variables differ. The coefficients can be compared if each one 
is multiplied by the deviation of the variable. It is interesting to 
note that the importance of a variable changes as variables are 
dropped or added to the regression equation. 
By using all six variables a multiple correlation of 0.5903 was 
obtained. By using only the three college variables the multiple 
correlation was reduced to 0.5580. Although the correlation differ-
ence is small, an F test indicated- a significant loss in effectiveness. 
The three precollege variables gave a multiple correlation of 0.4673 
which was less than any single correlation from the college group 
taken at the end of the first quarter. 
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In summary, mortality as defined can be forecast reasonably well 
from the first-quarter all-college quality point average. Little in 
forecasting efficiency can be gained by the addition of high school 
average, ACE score, mathematics placement score, algebra mark, 
or the algebra achievement score. Prediction of calculus marks 
can be done reasonably well by using the algebra achievement test 
scores, algebra course marks, and all-college averages. Although 
certain other variables, such as high school averages, ACE scores 
and placement test scores can significantly add to the effectiveness 
in prediction, the multiple correlation is not materially increased. 
IowA STATE COLLEGE 
AMES, IowA 
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